Background: The combination of nab-paclitaxel plus gemcitabine (NAB-P þ GEM) has shown superior efficacy over GEM monotherapy in metastatic pancreas cancer (MPC). Independent cost-effectiveness/utility analyses of NAB-P þ GEM from the payer perspective have not been conducted for the UK.
Pancreatic cancer is the tenth most common cancer and the fifth most common cause of cancer death in the United Kingdom (UK). In 2011 in the UK, 8773 new cases were diagnosed and 8320 patients with pancreatic cancer died. Though based on United States (US) data, between 46% (American College of Surgeons, 2013) and 53% (Siegel et al, 2014) of incident cases presented with metastatic pancreatic cancer (MPC). In the UK, MPC has a median survival of about 12 weeks (Cancer Research UK, 2012) , 1-year survival rate of 18.0%, and 5-year rate of 3.6%.
Gemcitabine (GEM) has been the standard chemotherapy for MPC since 1997, after a randomised trial of GEM against 5-fluorouracil produced significant improvements in disease-related symptoms and prolonged median survival from 4.4 to 5.7 months (Burris et al, 1997) . Subsequent trials of biological or cytotoxic agents in combination with GEM compared with GEM alone in MPC have not shown improved survival outcomes, with the exception of taxanes. In a phase II trial of weekly 1000 mg m À 2 GEM in combination with twice-weekly EndoTAG-1, a cationic lipid-complexed paclitaxel particle, at either 11, 22, or 44 mg m À 2 against GEM alone was found to improve median survival by 4.1, 4.6, and 4.4 months, respectively, compared to 2.7 months for GEM alone (Löhr et al, 2012) .
Albumin-based paclitaxel (nab-paclitaxel (NAB-P); Celgene, Summit, NJ, USA) is classified as an anti-microtubule agent. It stabilises microtubules by preventing depolymerisation and thus blocks the reorganisation process of the microtubule network, which is essential for cell division leading to cell apoptosis. It was developed to avoid toxicities that arise from the parent medication such as solvent-related hypersensitivity reactions (Electronic Medicines Compendium, 2014) .
NAB-P has been shown to be superior to paclitaxel in cancer types that overexpress osteonectin (SPARC, BM-40) such as melanoma and breast and lung carcinoma. As osteonectin is overexpressed in pancreatic cancer specimens, NAB-P was hypothesised to be potentially effective in MPC. The combination of nab-paclitaxel and GEM (NAB-P þ GEM) as first-line treatment in MPC was first studied in a phase I/II clinical trial to determine the maximum tolerated dose and to provide efficacy and safety data. The maximum tolerated dose was defined as 125 mg m À 2 NAB-P in combination with 1000 mg m À 2 of GEM on days 1, 8, and 15, and repeated on a 28-day cycle. Overall survival was 12.2 months and the 1-year survival of 48% was among the highest reported in a phase II trial in patients with MPC (Von Hoff et al, 2011) A recent open-label, randomised, multi-centre, phase III trial assessed the efficacy of NAB-P þ GEM vs GEM alone in improving overall survival. Eight hundred sixty-one naïve patients with advanced metastatic pancreatic cancer were randomly assigned to receive either 125 mg m À 2 of NAB-P plus 1000 mg m À 2 of GEM on days 1, 8, and 15 every 28 days or 1000 mg m À 2 of GEM weekly for 7 weeks, and then on days 1, 8, and 15 every 28 days. Median treatment duration was 3.9 months for NAB-P þ GEM vs 2.7 months for GEM alone. Median overall survival was 8.5 months in the NAB-P þ GEM arm and 6.7 months in the GEM arm. Survival rates were 35 vs 22%, respectively, at 12 months and 9 vs 4%, respectively, at 24 months (both Po0.05). Median progression-free survival was 5.5 months in the NAB-P þ GEM arm vs 3.7 months in the GEM arm, and the corresponding hazard ratio was 0.69 (Po0.05). [Von Hoff et al, 2013] The economic evaluation reported here aimed to estimate the cost-utility and cost-effectiveness NAB-P þ GEM compared with GEM alone in the treatment of MPC from the perspective of a UK third party payer.
MATERIALS AND METHODS
Patients population. The modelled cohort utilised the sample characteristics from the phase III clinical trial of NAB-P þ GEM (Von Hoff et al, 2013) : adults (median age 63 years), recently diagnosed and histologically or cytologically confirmed metastatic adenocarcinoma of the pancreas, no prior chemotherapy for metastatic disease, and Karnofsky performance status score Z70. Eighty-four percent of patients had liver metastases, and 46% had at least three metastatic sites. Kaplan-Meier survival curves for the two treatment arms were available for 24 months for progressionfree survival (PFS) and 39 months for overall survival (OS). Minimum dose intensity was 75% for the NAB-P þ GEM arm and 85% for the GEM arm.
Model structure. A literature-based state-transition Markov model was developed in which patients in each treatment arm are described by a set of disease status reflecting the treatment pathway and outcomes (see Figure 1 for the structure of the survival model). Patients start in the model at the initiation of chemotherapy. After the first cycle of chemotherapy, there are three possible next states, each with associated probabilities: staying in the same MPC disease stage until the next cycle (PFS); progressing to the next MPC disease stage; or death. Patients in the progressive disease state have two possible next states: further disease progression or death. This is repeated across all cycles until the end of the chemotherapy regimen or death.
The model was used to perform both cost-effectiveness analyses (cost per life year gained (LYG)) and cost utility analyses (cost per quality-adjusted life year (QALY)). The incremental cost-effectiveness ratio (ICER) and incremental cost utility ratio (ICUR) were calculated where ICER is the cost to achieve a one unit increase in life year and ICUR is the cost to achieve a one unit increase in QALY between alternatives.
The Markov model was specified in Microsoft Excel (Microsoft, Redmond, WA, USA) and included where necessary the use of Visual Basic Codes for probabilistic sensitivity analysis (PSA) and Cost Effectiveness Acceptability Curves. Data for the NAB-P þ GEM and GEM arms were extracted from the Kaplan-Meier curves of the phase III trial using a digitising computer program (TechDigs 2.2 IUCr, Chester, England). Data were transformed logarithmically to meet statistical assumptions, and a linear model was fitted using Microsoft Excel 2007 to estimate the parameters.
Cost and utility estimates used in model. Chemotherapy medications are dosed according to body surface area (BSA). A study on the average BSA of adult cancer patients in the UK estimated a BSA value of 1.83 m 2 for patients with upper gastrointestinal/pancreas cancer (Sacco et al, 2010) .
All costs were expressed in 2013 pound sterling (d). Drug acquisition costs were based on the British National Formulary (BNF) and cost per mg of chemotherapy, as necessary adjusted for wastage (The British National Formulary, 2014). The vial cost for 100 mg of NAB-P was d246.00 and for 1000 mg of GEM was d162.76. Medication cost was adjusted by using the relative dose intensities reported in the phase III clinical trial.
NHS Reference Costs (2012-2013) were used to estimate the cost of chemotherapy administration and the treatment of adverse drug reactions (Department of Health, 2013) . Patients were assumed managed as day cases and not admitted to the hospital for drug administration. The cost of disease monitoring was based on the applicable health state and obtained per expert opinion. For a PFS health state on chemotherapy, disease monitoring was assumed to include one medical oncologist visit, one complete blood count and full biochemistry tests including electrolytes every 4 weeks, and one CA19-9 test every 8 weeks. Monitoring for a PFS health state off chemotherapy included the same lab tests but did not include a medical oncologist visit. For a disease progression health state, monitoring included for each applicable cycle, one medical oncologist visit, one complete blood count test, full biochemistry including electrolytes, one computerised tomography scan of more than three areas; one magnetic resonance imaging scan for more than three areas and CA19-9 test every month.
Vomiting, nausea, diarrhoea, stomatitis, rash, fatigue, anaemia, and peripheral neuropathy with grades III or IV were considered unlikely to require a full day of hospitalisation. They were treated as a day case admission. Febrile neutropenia was treated as requiring hospitalisation. The phase III clinical trial (Von Hoff et al, 2013) did not report cardiac side effects and hence these were not included in the model.
Health-related quality of life estimates based on the EuroQol (EQ-5D) were obtained online (Tam et al, 2013) . The impact utility was assumed to last for one cycle. The health-related quality of life estimate was adjusted according to the number of cycles per year for each treatment: 12 cycles per year for the GEM alone arm and 13 cycles per year for the combination of NAB-P þ GEM arm.
Costs and utilities incurred in the first year were not discounted. Those incurred after the first year were discounted at a 3.5% rate.
Sensitivity analyses. One-way sensitivity analysis was performed using the upper and the lower confidence interval values for the selected parameters except for the nab-paclitaxel and gemcitabine vial costs where a plus or minus 50% value were used.
Probabilistic sensitivity analyses (PSA) were conducted on the model to take into account the simultaneous effect of uncertainty in model parameter values. This was achieved through repeated sampling of mean parameter values from a series of assigned distribution types, based on the point estimates and the standard error statistics for each average parameter value. Each set of samples from all the parameters generated a single estimate of expected costs, effects and net benefits generated by the model. Cost Effectiveness Acceptability Curves were plotted to show the probability that each treatment is cost-effective at various willingness-to-pay thresholds. The PSA included covariance matrices that allowed joint distributions to be generated for PFS and OS. For both PFS and OS, Weibull two-parameter distributions using shape and scale were used as they fit the Kaplan-Meier empirical curves well. Constraints were added to ensure PFS was always shorter than OS (Table 1) .
A normal distribution was applied to patients' BSA to reflect the variability that affects the calculation of chemotherapy drug exposure. The ranges of BSA sampled by the distribution reflect the likely variability in a population of patients with pancreatic cancer. Such uncertainty in the model leads to a variation in the cost of chemotherapy regimens in both treatment arms.
Uncertainty regarding the probability of AEs for those patients treated in both arms and health-related qualities of life were assessed using beta distributions. A constraint was added to assure that the utility for the progression-free health state is always better than the utility for the progressed health state.
RESULTS
The expected costs and outcomes of NAB-P þ GEM and GEM in the UK are presented in Table 2 . In the base case analysis, NAB-P þ GEM treatment was more expensive than GEM treatment (d9314 vs d3848) but yielded incremental benefits in terms of LYG (0.97 vs 0.79) and QALYs (0.52 vs 0.45). The ICER was d30 367/ LYG while the ICUR was d78 086/QALY. The PSA confirmed the base case results: NAB-P þ GEM was more expensive (d9320 vs d3839) but yielded incremental benefits in terms of LYG (0.99 vs 0.80) and QALYs (0.54 vs 0.47) of the same order of magnitude. The PSA-generated ICER and ICUR were d28 847/LYG and d78 300/QALY, respectively. All of the 2000 simulations in the PSA confirmed the additional costs and incremental benefits for NAB-P þ GEM over GEM (Figure 2 ) indicating that there is no probability of NAB-P þ GEM having a poorer outcome than GEM. The Cost Effectiveness Acceptability Curves assess the uncertainty surrounding the mean ICER. The probability that NAB-P þ GEM would be considered cost-effective compared with GEM alone was 50% for a threshold value of d78 000/QALY and 70% for a threshold value of d97 000/QALY (Figure 3) .
One-way sensitivity analyses examined the impact of variability in vial costs and dose intensity on the results. Nab-paclitaxel vial cost was varied with a 50% increase or decrease and dose intensity with a 10% increase or decrease. Figure 4 shows the tornado diagram. The most influential parameter was NAB-P vial cost. A decrease in vial cost by 50% was associated with an ICUR of d46 402/QALY.
Four gemcitabine vial sizes were used to evaluate the impact of wastage on our results: 200 mg, 1, 1.5, and 2 g (Table 3 ). A vial calculation was made according to the upper and lower limits of gemcitabine dose, and the best combination was used. Nab-paclitaxel has only one vial size, which is 100 mg per vial. Including the costs associated with product wastage had a relatively limited impact. £10 000 £15 000 £20 000 £25 000 £30 000 £35 000 £40 000 £45 000 £50 000 £55 000 £60 000 £65 000 £70 000 £75 000 £80 000 £85 000 £90 000 £95 000 £100 000 Probability cost-effective Willingness-to-pay threshold (λ) Nab-paclitaxel + gemcitabine Gemcitabine Figure 3 . Cost-effectiveness acceptability curves.
DISCUSSION
Though limited to one trial (Von Hoff et al, 2013) , NAB-P þ GEM has been shown to be superior in efficacy to GEM alone in the treatment of MPC in terms of PFS and OS, including in patients with lower Karnofsky scores. The principal finding of our independent pharmaco-economic analysis is that, despite its higher cost of d5481 per patient (PSA), the NAB-P þ GEM combination translates into cost-effectiveness in terms of life years gained and cost-utility in terms of quality-adjusted life years. The difference in life years gained in NAB-P þ GEM-treated patients was 0.18 years in the base case and 0.19 years in the probabilistic sensitivity analyses. The difference in quality-adjusted life years gained was 0.07 years in both analyses. The corresponding probabilistic ICER and ICUR were d28 847/LYG and d78 300/QALY, respectively. Note that both the ICER and the ICUR calculations used standardised utilities, which compensated for the absence of a quality of life end point in the phase III trial (Von Hoff et al, 2013) . Documents released by the National Institute for Health and Care Excellence (NICE) (2014) summarize two commissioned economic evaluations of NAB-P+GEM vs GEM (note that NICE uses the term ICER in association with QALYs, where we use the term ICUR, and continue to do so here for consistency). The first evaluation, submitted by the manufacturer, reported a base-case deterministic ICUR of d51 900/QALY gained and a probabilistic ICUR of d52 402/QALY gained. Scenario analyses yielded ICUR estimates ranging from d48 981/QALY gained to d64 048/QALY gained. The second evaluation was an amendment of the manufacturers' base-case analysis by the NICE-appointed Evidence Review Group (ERG). It applied different estimates for OS, PFS, and time-to-treatment failure; used UK values for the EQ-5D; changed the terminal cost and utility; and eliminated adjustments for vial sharing, dose reduction, and no missed doses. This yielded individual scenario ICUR estimates ranging from d51 888/QALY gained to d58 370/QALY gained, for a combined scenario (base case þ all revisions) of d78 488/QALY gained. The NICE ERG opined that the ICUR 'would lie somewhere between d72 500 and d78 500 per QALY gained' (p. 39). In the absence of full methodological details and integrating our findings, it would be more objective to state that currently available base-case deterministic ICUR estimates range from d48 981/QALY to d78 488/ QALY for NAB-P þ GEM compared with GEM alone. Future economic evaluations should include comprehensive scenario analyses that vary parameters along known values (National Institute for Health and Care Excellence, 2014).
In absolute terms, these gains may appear limited relative to the cost of treatment. However, they must be interpreted relative to the setting under consideration-metastatic pancreatic cancer-and the limited residual life expectancy of these patients. It is common practice in health technology assessment to value a treatment and decide about its reimbursement on the basis of a threshold value (e.g., d30 000/QALY in the UK and $50 000/QALY in the US), in which case NAB-P þ GEM treatment would not be considered cost-effective and not be reimbursed. MPC is a case where absolute thresholds such as d30 000/QALY may not be clinically appropriate because of these patients' limited life expectancy compared with cases of earlier stage cancer, longer PFS, and/or longer OS.
In addition, there are more general arguments that caution against exceeding reliance on absolute thresholds to interpret the value of a treatment. As noted in a recently completed study supported by the European Union, inherent to the QALY is the assumption that modal patient preferences are consistent across health states and time when this may not be the case (European Consortium in Healthcare Outcomes and Cost-Benefit Research, 2013; Holmes, 2013) . Neumann et al (2014) contend that the $50 000/QALY gained ratio may be misunderstood or misused, especially when it is applied to high-priced cancer and hepatitis C drugs. They also argue against determining a single threshold value representing a society's willingness-to-pay for QALYs gained, as diverse approaches may yield different ratios because of varying assumptions, contexts, or inferences-as our case of MPC underscores.
Further, the empirical base for the US $50 000/QALY threshold and the corresponding d30 000/QALY remains elusive (Eichler et al, 2004) . In a comprehensive review, Grosse puts the initial mention of the $50 000 threshold in 1972 at the initiation of Medicare coverage for patients with end-stage renal disease; the first article using a cost-effectiveness threshold in 1992 followed by the publication of the first studies using this threshold in 1995; and (informal) adoption of the threshold between 1996 and 1998 (Grosse, 2008) . Using 1992 as reference and adjusting the then threshold of $50 000/QALY with the US medical consumer price index, the threshold in 2012 would have been $109 000/QALY (Abraham et al, 2013) or approximately d65 000/QALY (at 50 : 30 conversion). A 2009 study placed the value of a quality human life at $129 000 (d77 000) using dialysis patients as the reference population (Lee et al, 2009) . Again, this is under the assumption of consistency of (patient) preferences and (payer) willingness-to-pay across health states and time, without adjustment for metastatic disease or poor survival prognosis.
Although we focused our evaluation on cost-effectiveness and cost-utility, it also enables an initial assessment of the gross budget impact of treatment of MPC with NAB-P þ GEM over GEM. In the base case analysis, the cost for treating one patient with NAB-P þ GEM was estimated at d9314 and the cost differential £20 000 £40 000 £60 000 £80 000 £100 000 £120 000 Figure 4 . Tornado diagram. over GEM at d5466. If 46% (American College of Surgeons, 2013) of the 8773 newly diagnosed pancreatic cancer patients in the UK in 2011, the proportion conservatively estimated to have metastatic disease, would have been a candidate for treatment with NAB-P þ GEM, the gross budget impact would be d37 587 392 and the incremental budget impact over GEM treatment would be d22 058 480.
In general, higher rates of adverse events were observed in the NAB-P þ G arm compared with the GEM arm, with proportionately more patients in the NAB-P þ GEM treatment arm experiencing neutropenia, leukopenia, fatigue, and peripheral neuropathy (Von Hoff et al, 2013) . This may have resulted in additional costs beyond direct medical treatment that we were not able to capture in our analysis. Other limitations of our study are that, in the absence of patient-level data, we were obliged to use the EQ-5D utility values obtained in a Canadian study that surveyed medical oncologists; that the payer perspective taken in our analysis does not address the societal benefit that may be accrued; and that we did not include other treatments such as FOLFIR-INOX, which also has been shown to be have greater efficacy than GEM alone (Conroy et al, 2011) .
Although we do not advocate a threshold-based approach to the economic valuation of NAB-P þ GEM treatment, we do recognise the health technology assessment model prevailing in the UK. The National Institute for Health and Care Excellence, as well as similar organisations in other jurisdictions, may wish to customise its assessments when appraising treatments that may extend the life of patients with an incurable disease and a short life expectancy. This could be done by waiving thresholds or adopting higher thresholds. A perhaps more patient-centric approach would be to give a higher weight to QALYs achieved in the later stages of terminal disease, using the assumption that during the extended survival period, patients could experience the quality of life anticipated for a healthy individual of the same age.
Variations in the vial cost of NAB-P impacts the QALY estimates. Although, of course, lowering the price of any medication or treatment increases affordability and patient access, many variables determine the cost and price of a given treatment. One approach to lowering drug costs at the population level is by negotiating volume-based discounts.
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